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(57) ABSTRACT

A piston nest (10) 1s provided that includes a plurality of
spaced apart single nesting units (12) interconnected by a web
(13). Each of the single nesting units 1s configured a hollow
cylindrical body having a first open end about a distal end of
the body and a second open end about the proximal end. The
hollow cylindrical body also includes a first (24 ) and a second
(26) retention member for retaining a piston within the single
nesting unit. The first and the second retention members are
spaced apart along a longitudinal axis of the hollow cylindri-
cal body.

13 Claims, 4 Drawing Sheets
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SYRINGE PISTON NEST FOR THE
MANUFACTURE OF PRE FILLED SYRINGE

CROSS-REFERENCE TO RELATED
APPLICATION

This application 1s a section 371 of International Applica-
tion No. PCT/US2009/062226, filed Oct. 27, 2009, which
was published 1n the English language on Jun. 3, 2010 under
International Publication No. WO 2010/062602 A1 which
claims the benefit of U.S. Provisional Patent Application No.
61/108,950, filed Dec. 28, 2008, the disclosure of which are

incorporated herein by reference.

BACKGROUND OF THE INVENTION

The present invention relates to a piston nest. In particular,
the present invention relates to a piston nest that can securely
individually nest a plurality of pistons, such as syringe pis-
tons, prior to automated assembly of the pistons to syringes.

A piston nest 1s typically a substantially planar tray having
a plurality of individual nesting units each capable of receiv-
ing a syringe piston. The piston nest i1s typically used 1n
automation processes for the assembly of e.g., pre-filled
syringes. In operation, the piston nest 1s placed above a simi-
larly oriented tray of pre-filled syringe barrels and then each
ol the pistons from the piston nest are pressed nto the aligned
underlying syringe barrels by an automated means, such as
with automated mechanical pins. The mechanical pins func-
tion to push each of the syringe pistons out of the piston nest
and 1nto the underlying individual syringe barrels.

A partial cross-sectional view of an individual nesting unit
ol a conventional piston nest 1s shown in FIG. 1. As shown 1n
FIG. 1, the piston nest 1100 1s configured such that the syringe
piston 1102 rests within a single nesting unit 1104. The
syringe piston 1102 1s retained within the single nesting unit
1104 by an inwardly extending flange portion 1106 located at
the bottom of the piston nesting unit 1104. In such a piston
nest configuration, the syringe piston 1102 1s only retained
within the single nesting unit 1104 by gravity. As such, the
piston nest 1100 must be constantly maintained 1n the proper
orientation 1.e., the upright position, shown in FIG. 1, in order
tor the syringe piston 1102 to remain within the single nesting
unit 1104. Otherwise, the syringe piston 1102 will be prone to
“fall out,” become “cocked” or otherwise escape from the
single nesting unit 1104. This 1s especially troublesome when
the piston nest 1100 1s configured with a large number e.g.,
one hundred (100) single nesting units per piston nest, which
1s typically the case. Moreover, 1n order to properly assemble
the syringe piston 1102 1nto syringe barrels (not shown), the
syringe piston 1102 must be properly oriented 1n the piston
nest 1100 1.e., not cocked or otherwise jammed within the
single nesting unit 1104.

FIGS. 2A and 2B 1illustrate another individual nesting unit
ol a conventional piston nest 1200 and syringe piston 1202
manufactured by Daikyo Seiko, Ltd. The piston nest 1200
however, has a single nesting unit 1204 configured to specifi-
cally mate with the Daikyo syringe piston 1202. In particular,
the single nesting unit 1204 includes a retention rib 1206
about a midpoint along the length of the nesting unit 1204
which 1s designed to specifically mate with an annular recess
or groove 1208 of the syringe piston 1202. Consequently, the
piston nest 1200 cannot be used with any other syringe piston
designs besides the Daikyo syringe piston 1202. Moreover,
the single nesting unit 1204 1s limited to a single point contact
retention means for securing the syringe piston 1202 within
the piston nest 1200. Such single point contact retention
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means renders the syringe piston 1202 susceptible to cocking
or displacement within the single nesting unit 1204 that may
result from mishandling of the piston nest 1200. Thus 1s espe-
cially important because, for example, with one hundred
single nesting units per piston nest 1200, 1f a single syringe
piston 1202 1s out of alignment, the entire piston nest 1200
must be discarded. Accordingly, there 1s still a need for a
piston nest that can reliably hold and retain a plurality of

syringe pistons and that addresses the above-described defi-
ciencies ol conventional piston nests.

BRIEF SUMMARY OF THE INVENTION

In accordance with the present invention, the problem of
syringe pistons escaping from or otherwise becoming mis-
aligned within a piston nest 1s solved by engendering a robust
multipoint retention of the syringe piston within the piston
nest. In this way, the manufacture of pre-filled syringes can be
accomplished 1n a more reliable and cost-effective manner by
climinating the waste associated with piston nests that would
otherwise need to be discarded due to one or more misaligned
pistons within the nest.

In a preferred embodiment, the present invention provides
a piston nest comprising a plurality of spaced apart single
nesting units interconnected by a web. Each nesting unit
includes a hollow cylindrical body, a first retention member
and a second retention member. The hollow cylindrical body
includes a distal end having a first open end and a proximal
end having a second open end. The first retention member 1s
proximate the distal end of the hollow cylindrical body. The
second retention member 1s proximate the proximal end of
the hollow cylindrical body. Furthermore, the first and the
second retention members are spaced apart along a longitu-
dinal axis of the hollow cylindrical body.

In another preferred embodiment, the present mvention
provides a piston nest assembly comprising at least a first and
a second piston nest. Each of the first and the second piston
nests comprise a plurality of spaced apart single nesting units
interconnected by a web. The single nesting units each
include a hollow cylindrical body, a first retention member
and a second retention member. The first retention member 1s
proximate the distal end of the hollow cylindrical body. The
second retention member 1s proximate the proximal end of
the hollow cylindrical body. The piston nest assembly also
includes a piston configured within each of the plurality of
spaced apart single nesting units of each of the first and
second piston nests. The first and the second piston nests are
stacked with a central longitudinal axis of each of the hollow
cylindrical bodies of the first piston nest substantially coaxial
with a respective central longitudinal axis of each of the
hollow cylindrical bodies of the second piston nest. Further-
more, the distal ends of each of the hollow cylindrical bodies
of the second piston nest are recerved within a recess of the
corresponding hollow cylindrical bodies of the coaxially
aligned first piston nest.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

The foregoing summary, as well as the following detailed
description of the invention, will be better understood when
read in conjunction with the appended drawings. For the
purpose of illustrating the mvention, there are shown in the
drawings embodiments which are presently preferred. It
should be understood, however, that the invention 1s not lim-
ited to the precise arrangements and instrumentalities shown.
In the drawings:
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FIG. 1 1s an enlarged, partial, cross-sectional, elevational
view of a single nesting unit of a conventional piston nest with
a nested syringe piston;

FIG. 2A 1s an enlarged, partial, cross-sectional, elevational
view ol a single nesting unit of another conventional piston
nest;

FIG. 2B 1s a partial, cross-sectional, elevational view of a
conventional syringe piston compatible with the piston nest
of FIG. 2A;

FIG. 3A 1s a top plan view of a piston nest 1n accordance
with a preferred embodiment of the present invention;

FIG. 3B 1s an orthographic, side view of the piston nest of
FIG. 3A;

FI1G. 4 1s an enlarged, partial, cross-sectional, elevational
view of a single nesting unit of the piston nest of F1G. 3A with
a nested syringe piston;

FIG. 5 1s an enlarged, partial, cross-sectional, elevational
view ol a single nesting unit of a piston nest 1n accordance
with another aspect of the present invention with a nested
syringe piston;

FIG. 6 1s an enlarged, partial, cross-sectional, elevational
view ol a single nesting unit of a piston nest 1n accordance
with yet another aspect of the present mnvention;

FIG. 7 1s an elevational view of a piston nest assembly in
accordance with another embodiment of the present mven-
tion; and

FIG. 8 1s an enlarged, partial, cross-sectional, elevational
view ol a portion of the piston nest assembly of FIG. 7.

DETAILED DESCRIPTION OF THE INVENTION

Reference will now be made in detail to the present
embodiments of the invention illustrated 1n the accompany-
ing drawings. Wherever possible, the same or like reference
numbers will be used throughout the drawings to refer to the
same or like features. It should be noted that the drawings are
in sumplified form and are not drawn to precise scale. In
reference to the disclosure herein, for purposes of conve-
nience and clarity only, directional terms such as top, bottom,
above, below and diagonal, are used with respect to the
accompanying drawings. Such directional terms used 1n con-
junction with the following description of the drawings
should not be construed to limit the scope of the invention 1n
any manner not explicitly set forth. Unless specifically set
forth herein, the terms “a”, “an” and ““the” are not limited to
one element but mstead should be read as meaning “at least
one”. The terminology includes the words noted above,
derivatives thereof and words of similar import.

In a preferred embodiment, the present invention provides
for a piston nest 10, as shown in FIGS. 3A and 3B. The piston
nest 10 mcludes a plurality of spaced apart single nesting,
units 12 mterconnected by a web 13, as best shown 1n FIG.
3 A. Preferably, the piston nest 10 includes one hundred (100)
spaced apart single nesting units 12 (ten by ten as shown), but
can be configured to include more or less than one hundred
(100). The piston nest 10 can include a piston 28 (FIG. 4)
configured within each of the plurality of spaced apart single
nesting units 12.

The piston nest 10 1s generally configured as a planar tray
with the single nesting units 12 connected in a planar fashion
by the web 13, as shown 1n FIGS. 3A-B. While the present
embodiment 1s configured with the piston nest 10 configured
as a planar square tray, the piston nest 10 can alternatively be
configured into any planar fashion suitable for its intended
use, such as a planar circular, rectangular, oval, or octagonal

shaped tray.
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As best shown 1n FI1G. 4, the single nesting unit 12 includes
a generally hollow cylindrical body 14 that extends distally
from (below) the web 13, a first retention member 24 and a
second retention member 26. The hollow cylindrical body 14
includes a distal end 16 having a first open end 14a (such as an
open bottom end) and a proximal end 18 having a second
open end 145 (such as an open top end). The hollow cylindri-
cal body 14 also includes a generally smooth interior wall
surface 20 and an exterior wall surface 22. The hollow cylin-
drical body 14 1s generally configured such that the interior
wall surface 20 tapers radially inwardly toward the distal end
16 so that the diameter of the interior wall surface 20 1s at least
slightly smaller near the distal end, but can optionally be
configured 1n a cylindrical fashion. The decreasing diameter
or taper of the interior wall surface 20 advantageously pro-
vides for a smoother transition or travel of the piston 28, such
as a syringe piston 28, down the length of the hollow cylin-
drical body 14 when the syringe piston 28 1s being inserted
into a syringe barrel (not shown).

The hollow cylindrical body 14 can also optionally be
configured such that the exterior wall surface 22 tapers
inwardly toward the proximal end 18. Preferably, the hollow
cylindrical body 14 1s sized such that the internal diameter of
the hollow cylindrical body 14 is slightly larger than the
overall outside diameter of the syringe piston 28. As such, the
hollow cylindrical body 14 facilitates maintaining the syringe
piston 28 1n the proper orientation 1.e., 1n a non-cocked or
un-jammed position, within the hollow cylindrical body 14.
The syringe piston 28 1s properly aligned within the hollow
cylindrical body 14 when a longitudinal axis of the syringe
piston 28 substantially aligns with a longitudinal axis A of the
hollow cylindrical body 14.

The first retention member 24 1s located proximate the
distal end 16 of the hollow cylindrical body 14 and 1s prefer-
ably configured as a first radially inwardly extending reten-
tionrib 24'. The first retention member 24 can alternatively be
configured as an annular rib, a sectional rib, a flange, a flange-
like rib, bumps, circumierentially spaced bumps, or the like
that extends radially inwardly from the single nesting unit 12
proximate the distal end 16. Preferably, the first retention
member 24 1s configured such that the syringe piston 28 1s
supported by the first retention member 24, but can then be
forcibly displaced past the first retention member 24. In other
words, the first retention member 24 1s configured to provide
an interference force at least slightly greater than a force
generated by the weight of the syringe piston 28. Thus, the
first retention member 24 directly contacts a first end 28a of
the piston 28, such as a distal end of the piston 28, to provide
the mterference fit. However, the interference force provided
by the first retention member 24 1s low enough such that the
syringe piston 28 can easily be forcibly pushed through the
first open end 14a of the single nesting unit 12. The first
retention member 24 1s also preferably configured with a
rounded surface profile 30 to further facilitate movement of
the syringe piston 28 past the first retention member 24. In
general, an inner diameter formed by the first retention mem-
ber 24 1s slightly smaller than the overall outer diameter of the
syringe piston 28.

The second retention member 26 1s located proximate the
proximal end 18 of the cylindrical hollow body 14 and pret-
erably configured as a second retention rib 26'. The second
retention member 26 1s spaced apart from the first retention
member 24 along a longitudinal axis A of the hollow cylin-
drical body 14, preferably a distance at least slightly greater
than the length of the piston 28. The second retention member
26 can alternatively be configured as an annular rib, a sec-
tional rib, a flange, a flange-like r1ib, bumps, circumferentially
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spaced bumps, or the like that extends radially inwardly from
the single nesting unit 12. The second retention member 26
includes an angled surface 32 profile when viewed from a
cross-section, as shown in FIG. 4. Preferably, the second
retention member 26 has an angled top or upper surface 34
with an angle of a relative to central axis A that 1s greater than
an angled bottom surface 36 of the second retention member
26 having an angle of p relative to central axis A. The angled
top surface 34 forms a recess 35, such as a countersink 34",
proximate the proximal end 18 of the cylindrical hollow body
14. The recess 35 1s 1n communication with the second open
end 145 and forms an upper surface 34 of the second retention
member 26. The recess 35 1s configured with an overall diam-
cter D2 that 1s larger than an overall diameter D1 of the distal
end of the hollow cylindrical body 14. The angled top surface
34 facilitates the insertion of the syringe piston 28 into the
single nesting umit 12. Whereas, the angled bottom surface 36,
which preferably 1s at a smaller angle p relative to angle o,
facilitates retention of the syringe piston 28 within the body
14. Preferably, the angle p 1s about 30 degrees and the angle
a. 1s about 45 degrees. As such, the present embodiment
advantageously retains the syringe piston 28 within the piston
nest 10 when the piston nest 10 1s mishandled, such as being
inadvertently 1mverted.

In an alternative embodiment, the piston nest 210 can be
configured as shown 1n FIG. 6. The cylindrical hollow body
214 1s substantially configured similar to cylindrical hollow
body 14, except for 1ts proximal end 218. Instead of a proxi-
mal end having a recess in the form of a countersink, the
proximal end 218 of the hollow cylindrical body 214 includes
a recess 235 configured as a counterbore 234'. Thus, with a
counterbore configuration, the top surface 234 of the cylin-
drical hollow body 214 is a planar surface. The counterbore
234' has an overall diameter D4 that 1s larger than an overall
diameter D3 of the distal end of the hollow cylindrical body
214 and 1s configured to recerve a distal end 216 of the
cylindrical hollow body 214 of a secondary piston nest
stacked on top.

Referring back to FIG. 4, the second retention member 26
1s spaced apart from the first retention member 24 such that
the syringe piston 28 1s resting between the first 24 and the
second 26 retention members without engaging both the first
and the second retention members 24, 26. In other words, the
second retention member 26 1s spaced apart from a second
end 285 of the piston 28 opposite the first end 28a when the
first end 28a of the piston 28 1s 1n direct contact with the first
retention member 24. That 1s, the space between the first and
the second retention members 24, 26 1s at least slightly greater
than the height of the piston 28, as shown 1n FIG. 4.

Alternatively, referring to FIG. 5, in accordance with
another embodiment of the present invention, the second
retention member 126 of piston nest 110 can be spaced apart
from the first retention member 124 such that each of the first
and the second retention members 124, 126 are in contact
with and provide a coupled retaining force on both a proximal
end 1285 and a distal end 128a of a syringe piston 128. In
other words, the second retention member 126 1s 1n direct
contact with a proximal end 1285 of the piston 128 opposite
the distal end 128a when the distal end 1284 of the piston 128
1s 1n direct contact with the first retention member 124. This
configuration advantageously provides for a continuous two
point contact retention of the syringe piston 128, which fur-
ther prevents any unnecessary movement of the syringe pis-
ton 128 during shipping, handling or otherwise.

A fully assembled piston nest 10 has each single nesting
unit 12 occupied by a syringe piston 28. In use, the fully
assembled piston nest 10 can be placed above a tray of
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syringes (not shown), such as pre-filled syringes, 1n an auto-
mated assembly process. With each single nesting unit 12
aligned with a syringe barrel, an automated mechanical push
means (not shown), such as a pin, applies a force about the top
end 28b of the syringe piston 28 to forcibly move the syringe
piston 28 through the first open end 14q (1.¢., the bottom open
end) of the single nesting unmit 12 and into the syringe barrel.

The piston nest 10 can be formed from any rigid material.
Preferably, the piston nest 10 1s formed from a rigid or a
semi-r1gid polymeric material, such as high density polyeth-
ylene, and more preferably from polypropylene. Polypropy-
lene 1s preferred as polypropylene piston nests can withstand
autoclaving processes better than piston nests formed from
other polymeric materials, such as high density polyethylene.
Alternatively, as radiation 1s a preferred method of steriliza-
tion, a material which 1s stable following exposure to standard
radiation sterilization processes (e.g., gamma radiation), such
as gamma stable polypropylene, 1s preferred.

In another preferred embodiment, the present mvention
provides for a piston nest assembly 310, as shown 1n FIGS. 7
and 8. The piston nest assembly 310 includes at least a first
pistonnest 310q fully assembled with individual pistons 328a
in each of the plurality of spaced apart single nesting units
3124 of the first piston nest 310a, and a second piston nest
3105 fully assembled with individual pistons 3285 1n each of
the plurality of spaced apart single nesting units 3125 of the
second piston nest 3105 stacked on top of the first piston nest
310a. Each of the first and the second piston nest 310a, 3105
can be configured as 1n any of the above described embodi-
ments. While only a first and a second piston nest 310a, 31056
are shown, the piston nest assembly 310 can include any
number of piston nests stacked on top of each other as shown.
That 1s, the second piston nest 3105 1s uniformly stacked (i.e.,
with edges of each of the first and the second piston nests
310a, 31056 aligned) on the first, underlying piston nest 310q
such that a central longitudinal axis A of each of the hollow
cylindrical bodies 314a of the first piston nest 310q are sub-
stantially coaxial with a respective central longitudinal axis B
of each of the hollow cylindrical bodies 3145 of the second
piston nest 3105. As best shown 1n FIG. 8, the distal end 3165
of the hollow cylindrical body 3145 of the second piston nest
3105 1s received within a recess 3356 of the proximal end
3184 of the hollow cylindrical body 314a of the first piston
nest 310a. In other words, the distal ends 31654 of each of the
hollow cylindrical bodies 3145 of the second piston nest 31056
are received within the recesses 3355 of the corresponding
hollow cylindrical bodies 314a of the coaxially aligned first
piston nest 310a. As such, the recess 3356 provides for a
nesting of the secondary piston nest 3106 that 1s stacked on
top of a first or underlying primary piston nest.

Itwill be appreciated by those skilled 1n the art that changes
could be made to the embodiments described above without
departing from the broad inventive concept thereof. It 1s to be
understood, therefore, that the present invention 1s not limited
to the particular embodiments disclosed, but 1t 1s intended to
cover modifications within the spirit and scope of the
appended claims.

I claim:

1. A piston nest apparatus for the storage and transport of
syringe pistons comprising a piston nest having a plurality of
spaced apart single nesting units interconnected by a web and
a syringe piston configured within each of the plurality of
spaced apart single nesting units, each syringe piston having
a first distal end, a second opposing proximal end and a
longitudinal length extending therebetween, each nesting
unit comprising:

a hollow cylindrical body that includes:
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a distal end having a first open end, and
a proximal end having a second open end;
a first retention member proximate the distal end; and
a second retention member proximate the proximal end,
wherein at least a portion of the first and the second
retention members are spaced apart at a distance equal
to or greater than the longitudinal length of the
syringe piston configured within the nesting umit
along a longitudinal axis of the hollow cylindrical
body, the first retention member being 1n direct con-
tact with the first distal end of the syringe piston and
the second retention member being in direct contact
with the second proximal end of the syringe piston.

2. The piston nest apparatus of claim 1, wherein the first
and the second retention members are radially mmwardly
extending members.

3. The piston nest apparatus of claim 2, wherein the first
retention member 1s at least one of aradially inwardly extend-
ing flange, b and plurality of circumierentially spaced
bumps.

4. The piston nest apparatus of claim 1, wherein the hollow
cylindrical body extends distally from the web.

5. The piston nest apparatus of claim 1, wherein the piston
nest comprises one hundred spaced apart single nesting units.

6. The piston nest apparatus of claim 1, wherein the piston
nest comprises at least one of a rnigid and a semi-rigid poly-
meric material.
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7. The piston nest apparatus of claim 6, wherein the piston
nest comprises at least one of a high density polyethylene and
a polypropylene.

8. The piston nest apparatus of claim 1, wherein the proxi-
mal end of the hollow cylindrical body includes a recess.

9. The piston nest apparatus of claim 8, wherein the recess
forms an upper surface of the second retention member.

10. The piston nest apparatus of claim 8, wherein the recess
1s at least one of a countersink and a counterbore.

11. The piston nest apparatus of claim 8, wherein the recess
1s 1n communication with the second open end.

12. The piston nest apparatus of claim 8, wherein the recess
has an overall diameter larger than an overall diameter of the
distal end of the hollow cylindrical body.

13. A piston nest assembly comprising: at least a first and a
second piston nest apparatuses according to claim 8, wherein
the first and the second piston nest apparatuses are stacked
with a central longitudinal axis of each of the hollow cylin-
drical bodies of the first piston nest apparatus substantially
coaxial with a respective central longitudinal axis of each of
the hollow cylindrical bodies of the second piston nest appa-
ratus and the distal ends of each of the hollow cylindrical
bodies of the second piston nest apparatus are recerved within
the recesses ol the corresponding hollow cylindrical bodies of
the coaxially aligned first piston nest apparatus.
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